ent noise levelswere measured in 13 audiometric test booths contained in 12 different industrial mobile test vans and trailers operating in the Midwest. Results indicated that all 13 (100%) of the industrial mobile test vans and trailers evaluated complied with 1983OSHA permissible levels and the NHCA 1996 recommended levels. With regard to the 1991ANSI MPANLs,5 (38%) of the 13 booths were in compliance at all frequencies. Those that failed did so at 125,250, and 500 Hz. It appears that the NHCA levels need to be used for all hearing conservation programs with respect to compliance for noise levels in mobile audiometric test booths.
A ssessing and comparing hearing thresholds over time is the primary method used to determine if high intensity noise has affected the hearing of individuals exposed to that noise. This procedure has been used routinely in industry since the Occupational Safety and Health Administration (OSHA) first promulgated its noise exposure regulation in 1971. Threshold comparisons over time also can be used for all other noise exposures, including recreational noise. Because accurate assessment of auditory thresholds is critical in determining the impact of noise on hearing, the validity of those thresholds is of utmost importance.
One condition that can affect threshold validity is the ambient noise in the environment used for hearing testing. The criteria for Maximum Permissible AmbientNoise Levelfor Audiometric Test Rooms has been specified by the American National Standards Institute (ANSI S3.l, t Specified to limit the effectof noiseat these frequencies on the threshold~500 Hz. 1991). This standard assumes that if the criteria are met using specified sets of earphones, auditory thresholds can be measured down to 0 dB hearing level. OSHA (1983) also specifies maximum permissible ambient noise levels (MPANLs). However, these levels are based on an older 1960 national standard and are significantly higher (i.e., less stringent) than the ANSI (1991) requirements. Presently, hearing thresholds in industry continue to be assessed in rooms required to meet the OSHA regulations, even though several articles and a recent publication have indicated the need for more stringent ambient noise level requirements (Berger, 1989; Frank, 1992 Frank, , 1993 Frank, , 1994 Franks, 1992; NIOSH, 1998; Williams, 1992) .
In 1996, the National Hearing Conservation Association published a brochure which suggested that the MPANLs for mobile testing facilities should adhere to the 1991 ANSI values with the exception of 500 Hz. The limit at 500 Hz was raised (relaxed) because ambient noise at this frequency is typically high and occupational noise has little effect on hearing threshold shifts at such low frequencies.
The environments used to conduct audiometric testing in industry can vary from permanent "in house" sound treated test environments to those in a mobile test facility periodically brought to the industrial site for testing purposes. The mobile test facility allows for a self contained environment to be positioned at a convenient location at the industry and used in the evaluation of hearing when an in-house room is not available, is too expensive, or is impractical.
Because ambient noise levels for industrial mobile test vans and trailers have not been documented in the literature, this study was designed to collect and analyze the noise levels inside a sample of mobile units in current use in the Midwest. The data collected for each mobile unit were compared to the allowable ambient noise levels as specified by OSHA (1983), ANSI S3.l (1991), and the levels suggested by the NHCA (1996) (see Table 1 ). Although OSHA and NHCA do not require testing at 125 and 250 Hz. ANSI limits the amount of noise at these fre-184 quencies to reduce the effect of low frequency noise on thresholds at frequencies from~500 Hz.
The purpose of this investigation was to gather ambient noise levels in a group of industrial mobile test vans and trailers and compare the measured levels with MPANLs of OSHA (1983), ANSI (1991), and the suggested levels of NHCA (1996) .
METHOD
Nine hearing conservation companies/organizations were contacted about their participation in this study. The organizations were selected because they performed hearing evaluations using mobile test vans or trailers in Illinois, Iowa, or Indiana. Each of the organizations granted permission to collect the noise level data while the mobile units were on site and in use.
Mobile Test Vans and Trailers
Ambient sound pressure levels were measured in 12 industrial mobile test vans or trailers. One mobile unit contained two distinctly different test booths. Thus, a total of 13 sets of inside ambient noise levels were recorded. Information related to each of the mobile units was obtained from each of the companies/organizations. Of the 13 test booths, 7 were categorized as inside mobile vans, 3 within tractor trailers, 2 within trucks, and 1 inside a trailer. Ten were reported to be commercially prefabricated sound isolated booths, of which 6 were single walled and 4 were double walled enclosures. Three booths were reported as custom built, of which 1was single walled and 2 were double walled. The age of the units ranged from 1.5 to 22 years (average, 10.2). The internal dimensions varied depending on the number of individuals who could be tested at one time. However, the capacities for these booths ranged from 1 to 10 individuals (average, 4.3).
Instrumentation
Inside and outside ambient noise levels were measured in octave bands from 31.5 to 8000 Hz using a calibrated, ANSI Type 1, Larson-Davis Precision Integrating Sound Level Meter (SLM), Model 800B, with a built in octave filter set. Overall A-weighted, C-weighted, and unweighted sound pressure levels were also collected. The SLM was set on slow response for all measurements. After the meter stabilized, the "average" meter deflection was recorded to the nearest 1 dB. Ambient noise measurements were conducted once in each test environment either prior to hearing testing, during breaks in the testing, or immediately after hearing testing was halted. Heating or air conditioning units were operating if needed, as well as lights and all other equipment (e.g., computers) normally used during the hearing testing process. Inside ambient noise measurements were taken in the same position in which the head of a subject undergoing a hearing test would be located. The internal noise level of the SLM was measured by placing a capacitor and a shielded adaptor across the input to simulate the normal 1 in. microphone as recommended by ANSI (1991). Because measured ambient noise levels were at least 5 dB above the internal noise of the SLM, the internal noise of the SLM was essentially insignificant with respect to the collected data.
RESULTS
The octave band data manually recorded for each booth were compared with OSHA (1983), ANSI (1991), and NHCA (1996) MPANLs for audiometric conditions APRIL 1999, VOL. 47, NO.4 for ears covered (earphone utilization) testing from 500-8000 Hz (see Table 2 ). The Figure summarizes the octave band data collected from 31.5 to 8000 Hz and expresses the average, minimum, and maximum ambient noise levels as compared with OSHA and ANSI MPANLs. It is obvious from the analysis the major portion of the ambient noise in these test rooms is concentrated in the lower frequencies. At the higher frequencies, progressively less noise is apparent.
The results indicate all ambient noise levels in the 13 booths were in compliance with MPANLs specified by OSHA (1983) and those suggested by NHCA (1996) . Compared with the ANSI (1991) MPANLs, failures were documented at 125, 250, and 500 Hz with no failures occurring ;;;;.1000 Hz. As all booths passed the criteria by OSHA and the values of NHCA, Table 3 contains only the number and percentage of mobile unit booths passing or failing the ANSI 1991 criteria both for the overall collective group and for each individual octave band. Overall, 5 (38%) of the 13 booths were in compliance with ANSI MPANLs at all frequencies, and 8 (62%) were not. The greatest failure rate was at 500 Hz with 7 booths (54%) in compliance and 6 booths (46%) not meeting the ANSI criterion. The next most problematic frequency was 250 Hz, with 9 booths (69%) passing and 4 booths (31%) failing. At 125 Hz, 11 booths (85%) were in compliance with 2 booths (15%) failing. It should be noted 
to the frequencies at and above 500 Hz, the overall pass rate increases to seven booths (54%). It is of interest to note that the six booths which failed (46%) did so only at 500 Hz.
DISCUSSION
Failure to comply with ANSI (1991) in the lower frequencies was expected because heating, ventilating, and air conditioning units primarily emit low frequency.energy (Siegenthaler, 1981) . Although no other ambient data from mobile test vans or trailers were found in the literature. similar excessive noise levels at 250 and 500 Hz.' were reported by Frank (1993 Frank ( , 1994 when they measured levels of ambient noise in industrial hearing test rooms.
Industrial audiometric hearing tests do not require thresholds <500 Hz. Therefore, the failures at lower frequencies may not be of significance to those performing tests for hearing conservation purposes. The frequency with the highest failure rate for these booths when compared to ANSI (1991) was 500 Hz. This was also the-frequency (500 Hz) in which Frank (1994) reported a 59% failure rate (289 of 490) for permanent industrial audiometric test rooms evaluated when comparing study results to ANSI (1991) .
Because of this problematic frequency, booth designers and manufacturers need to be encouraged to focus on ways to reduce the ambient noise around 500 Hz. Booths could be designed to provide additional sound absorption at 500 Hz andlor to have increased passive attenuation or active attenuation at 500 Hz.
Another alternative is to raise the allowable ambient noise level permitted at 500 Hz. Because noise induced hearing loss affects the higher frequencies of 2,000 through 6,000 Hz, hearing thresholds at 500 Hz are of lesser importance when monitoring workers for signs of noise induced hearing loss. How much the limit at 500 Hz should be raised then becomes the focus.
A compromise between hearing threshold accuracy and the realistic expectations that industrial testing environments meet the MPANL at 500 Hz must be considered. Such a compromise was suggested by the NHCA. The NHCA (1996) indicated that ANSI (1991) MPANLs may be too stringent at 500 Hz for mobile applications. They presented a recommendation for allowable ambient levels, which include adherence to ANSI (1991) MPANLs for 1,000 through 8,000 Hz. However, the NHCA suggested a +5 dB addition to the 500 Hz ANSI (1991) value (new value of 24.5 dB SPL). By adding 5 dB to the ANSI MPANL at 500 Hz, a hearing threshold should be measured accurately down to 5 dB HL. In the present investigation, each of the mobile test environments met this adjusted criterion at 500 Hz.
CONCLUSION
The results of this study indicate that all 13 (100%) of the industrial mobile test vans and trailers assessed complied with OSHA (1983) MPANLs. Because OSHA (1983) MPANL values are relatively high, this outcome was expected.
With respect to the more stringent ANSI (1991) MPANLs, the data revealed that overall five (38%) met the criteria at all frequencies. If the ANSI (1991) MPANLs are restricted to those frequencies required by OSHA (1983) and used in hearing conservation programs, the overall pass rate increased to seven (54%) meeting the ANSI criteria.
The newly suggested NHCA (1996) MPANLs allow for a +5 dB addition to the ANSI (1991) MPANL at 500 Hz. All other MPANLs for the higher frequencies are as specified by ANSI (1991) . Comparing the data obtained in this project to the NHCA (1996) criteria revealed that 'ill 13 (100%) of the booths were in compliance. Based on these findings, the NHCA (1996) suggested MPANLs appear to be realistic for hearing conservation programs using mobile audiometric test facilities. Because of the relatively small number of mobile units assessed in this Midwest study, a larger sampling might provide a more realistic view of the levels in mobile units in use through-0 ...£ the country.
The reader may be interested in a helpful brochure printed by the NHCA (1996) , "A Practical Guide To Mobile Hearing Testing and Selecting a Provider." It includes information about personnel, equipment, ambi-APRIL 1999, VOL. 47, NO.4
What Does This Mean for Workplace Application?
Mobile hearing test facilities (vans or trailers) provide a self-contained environment where the hearing of employees can be assessed. Unfortunately, excessive ambient noise levels can invalidate those results. This study determined that ambient noise only has a minor effect (about +5 dB) on the industrial audiogram at 500 Hz. Therefore, the NHCA's (1996) suggested maximum permissible ambient levels are realistic for hearing conservation programs using mobile audiometric test facilities. ent noise, mobile unit location, and other general considerations related to mobile units.
